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FOREWORD

This roport dezoribes the rationala and nessible utility of a

new technigua for scoring hwman tracking perfbrmanca.

The report was prepared by the University of Wisconsin undexr
Contract No. AF18(600)-5L4. The montract was initiated under a project
identified by Research and Development Order &, "Humzu Ergineering
Research on Fire Control and Missile Control Systems.® The contract
zas administered by the Psychology Branch of the Aerc Medical Laboratory,
Directorate of Research, Wright Air Development Center with Mr. John
W. Senders acting as project engineer,
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ABSTRACT

Tuenty Se divided into tua grouns corresvendinz to fast and slow tar-
get speeds practiced on two Mast Pedestal Sight Manipulscion Tests {PSMT)
for five days sach. In addition to the usual cumulative time-on-target
per trial, a new performance measure vas obtained. A Continuoue-Time-Cn
Target recorder was activaled whenever the operator scored on azimuth, ele-
vation, and range (AER) similteneously. ‘fhis recorder had 12 interval-
counters which fired successively depending upon how long S continuously
scored on AER. The intervals which were recorded rarged from 0.00 sec to
3.2 sec 1in vnequal steps.

It was cxpected that as S became betler piacticedon this complex task
the frequenecy of longer duration "hits" would increase and probably the fre-
quency cof shorter duration "hits” wouid decrease. 1In effect this would mean
the mode of the frequency distribution of "hits" would shift to longar dura-
tions rather than have a uniferz increase in all hit durations. These ex-
pectations were confirmed.

If this metkod of aralyzing tracking performance were continued until
Ss bacame very well practiced,it might even be possible to differentiate
between stager of practice in terms of the frequency of long duration hits
after cumulative times-on-taiget had attained an asymptote. After five days
the AER scores nad not reached sn asymptote. Such knowiedge couvld bhe of re-
levance in the design of gun laying computers.

Although no sttempt was made to aller the ~haracteristics of the PSMT
units, except to vary the speed of targets, it seems reasonable to suppose
that the continuous-timc-on-target methiod of analyzing tracking performance
cculd provide e more useful method for evaluating the design of gunnery
cquipment since in this method frequencies of hits of givec duration willi
be governed by man-machine periodicitles.
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INTRODUCTION

One of the most common measures of tracking performance on experimentsl
or training devices is either total or percentage of "time-on-target”. This
measure is probably used for the very good reascn lbhat it is easy to obtain.
The tracking device must be designed so that a signal is produced when 3 is
cn target; but beyond this no special devices need be attached to the target
Wenerator or cursor to provide quantitative comparisons or graphic records.
However, it is recognized that mu~n potentially valuable information shout
performancs is lost in this way. One of the most important socrtcomings of
a cumulative time-on-target score is that it does not reveal differences in
frequency and duration of "hite". From a given total time-on-target score,
one can not tell whether S made a large number of relatively brief hits or
a smaller number of longer bhits. This information may be important for various
reasons:

1. A more detailed eccount of the distributicn of duration of hits
might show improvement resulting from improved equipment or training proce-
dures which would not appear if only cumiletive time were recorded.

2. Information regerding duration of hits may be critical in the desien
of computers, since a given corputer generally requires a certain minimm
tine tc e activated.

2, Additional information may make posaible a better understanding of

thz nature of tracking behavior, which would ultimately lead to improved equip-
ment and training pirocedures.

4. Such information might provide more sdequate "knowiedge of results”
to inform S of improvement or specific kinds of difficulties.

Direct mesasurement of distribution of duratloir of hits reguires the addi-
tion of some specialized recording equipment, but is still relstively easy to
implement. Any system used fo: detecting when S is “on target” which provides
a cumilative time-on-target record is equally effective for this purpose, and
zgain nc guantitative comperison of cursor and target positicns is necsssary.

In the present study, direct records of the distributions of duraticu of
hitc on the Meat medification of the Pedestal Sight Manipviation Test (PSi)
wvere obtained. Subjects were tested over a period of five days at one of two

different target speeds. The objective was to obtain records of time-continuous-
ly-on-target frequency distributions at different stages of practice and on tasks

of cdifferent difficulty, to discover the generel nature of these distributions,
and to examine the influence of practice and terget speed. More specifically,

we w2re interested in analyzing the type cof shift in the distriobution, if any,
that occurred with practice.
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PROCEDURE

Apparetus. The apparsatus consisted of two Mast FSMI units aud a spe-
cialized recording unit, Continuous-Time-On-Targeti recorder {(CTOT), which
recorded the distribution of duration of hits. This recording unit was con-
nected to one of two PSMT units, and was activated whenever S was “on terget”
in azimuth, elevation, and range simultuneously. The recording unit consisted
of a bank of 12 electronic timers and 12 associate.. counters. When the unit
vas activated the timing cycle of all timers was cstarted. When the cycle of
any given timer vas completed the asacciated counter was activated. However,
if the unit wvas "de-activated”™ tefcre the cycle of a given timer was completed
the counter waz not activated and the timer was reset. Thus the counter asso-
ciated vith a given timer registered the number o€ hits with ¢ duration egual
to or greater than the interval of that timer. The 12 timers were set for
the followiag intervals: O, .05, .1, .2, .3, .4, .0, .8, 1.2, 1.6, 2.0, and
3.2 sec. A Standard Electric Clock reading in l/lOOths of a second was
tuilt into the urit and could be connected to the individual timers through
a gelector ewitch for purposes of calibration. The calibraticn of each timer
was checked daily during the experiment. The unit was quite stable znd neelded
but minor calivration adjustments during the course ci several months.

ubjects. The Ss were 20 male University of Wiaconeln students who were
paid Iﬂr serving at tre rate of eighty-five cents per hous These men were
randomly assigned tc one of four sub-groups, and served for five days each.

Design. All Ss were given pructice on ore of the two PSMT units for five
aaily sessions. each session consisting of eight trials of eight attacks eac>.
The Ss were randomlJ assigned to two groups and each group was run at one of
tvo target speeds. These speeds requircd angular velocities of 18.75%/sec.
ané 12.5 /Sec., respectively, (4.6 seo/cttack and 7.2 sec./attack). Half of
the Ss in each group practiced on each of the PSMT "nits. In all other re-
speckts, with the exception of speed, the target paths were identical for the
twe groups. The target paths consisted of & predetermined scguonce of eight
different attacks starting alternately from the right and ieft of the screen.
A1t eight possible attacks occurred on every trial, and these attacks were
preganted in four different orders, after which the series was repeated. Be-
tween each trial of eight attacks S had a l-min. rest, except betwcen trisls

L and 5 whep a S-min. rest was given.

On the PSMT an attack is the apparent flight of what looks like an in-
terceptor on a pursuilt course. ‘ine Ss were instructed to keep the center dot
of a prcjected reticle on the nose of the piane and to adjust the ring of dots
to be eaual to the wing span of the plane. When these positions were main-
tained simultaneously the continuous-time-on-target recorder was activated.

A margin of error vas permitted S uilnce the sccring zone wes + 10 mile on
toth the azimuthh and elevation dimensions and + 5 wmils on the range dimension.
In addition to the A“Q trackivg-time analysis, totel time-on-target scores
for azimuth (A}, vation \E), range {R}, simultaneous azimith , elevation,
and rance (AER), and simultanecus azimuth and elevavior {AZ) were obtained.
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RESULTS

The readings on a given ccunter of the CIOT recorder represgented the
number of hits of that duraiion or more. Suulraction of readirgs on succes-
sive counters yielded <the rumber of hits which bad a duration teiweea Lne
two timer-counters. For example, the number oi nits of .3 sec. or more,
minus the zumber of hits of .4 sec. or more gives the number oI hits Letween
.3 and .4 sec. The number of hits within each of the sub-intervals was com-
puted in this way for each cf the daily sesslons.

The density of hits within each interval was computed as the aumber of
hits divided by the interval size in 1/100ths of a second. A rationsle of
this computationnl procedure will be found in the Appendix. This estep was
necessary to correct for the inequality of the lergths of tne intervals be-
tween counters. Table 1 gives the mean density for each interval for =ach

TABLE I
Density of Hite Within Each Interval. Density Is Defired as the Number of
Hits During One Daily Session Divided by the Interval Size in 1/100th cf a
Second. Duration Is Given as the Mid-Point of the Interval.
Group Day Duration ir Seconds

.025 075 .15 .25 .3° .5 .70 1.0 1L 1.8 2.6

1 3.786 16.60 5.8 3.2k 1.88 .55 .360 .182 .075 .020 .0033
2 3.3 14,00 6.78 L.4G 2,15 1.825  .735 .255 .195 .035 .O092
Siow 3 2.46 11.12 T7.00 5.0 2.18 2.300 .935 .4B7 .220 .100 .0200
b 2.64 B.7% 5.57 .54 2.01 1.850 1.005 .542 .330 .157 .030C

5 2.80 11.50 6.20 L.70 2.22 2.05C 1.100 .56C .270 .20C .0300

L.24 13.70

[

g
L.o2 15.8: k.02 1.

ro
(
)
-9
S

L3155 .065 .010
Tast 3 L.36 18.52

(¥4
m
V]

\0
-
|
)

[¢]

.€85 .180 .050 .0l12

r

5
L 4.45 19.30 £&.22 3.66 1.70 .91 260 .05 .010 .0075
5 L.,32 1k.,90 6 2.97 1.56 1.16 .34 075 .015  .0025
of the five days.

Figs. 1 and 2 show tihe density as a function of dwution of hits on the
first and last days for the two groups. These grapns are divided into two
85 &
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DYRAT/ION IN SECONLS

Figure 1. Density for the first and fifth days for the Fast Target
Group as a function ¢ duration of hits. Denslity represents the
maen frequency of hiits per 1/100th seccnd of interval for eight
trisls, The semnle in ths lsiter portlson of itbe grauph i1s multipiied
by tex f{or the sake of clarity.



,' rllt
!

/5 -

DENSITY

—— N G

DURATIeN iN SECONDS

Figure 2, Dansity for tke firat and fifth days for the Siow Target
Croup az a function of duratica of hits. Density represents the
mean frequeney 2f hits per 1/100th of a second of interval for
eight trials., The scale in the Iaier povilon of the graph is
multiplied by ten for the sake of clarity.
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parits with the second porticun plotted on a scale ten times as large as the
Tirst so that the relative positions of the talls cof the curves would be visi-
bles. & test of the significance of the shift in dencities st different dura-
tions was made for boih speeds. In both cases the change was highly cignifi-
cant {p .0001). A chi-square of 471.37 with 32 df was obtained for the slaw
speed and a chi-sguare of 419.15 with 2L df was obtained for tha fast speed
data.

As another method of showing the relationship between groups the commorn
lcg of the density was computed for each interval. The results are presented
in Tabic 2 and are preeented graphically for day 1, 3, and 5 in Figa. 3 and 4.

TARLE 11

Commcn Log of the Density Within Each Interval.

5 A9 1.17 .81 oG W19 .07  1.83 2.87 <.17 3.i4o

ln the interpretation cf these dats* it is interesting tc consider not
oniy the number of hits of & given durastion tut also the time accounted for

*#additinonal data of cuwmulative time-on-target and its anelysis is presented in
the Appendix. Table X showc the progressive increase in performance during
practice and Teble 28 is analysiz of variance of this date.

WADC TR 5L~2310 6

Groxp Day Duration in Seconds
025 .07 .15 .25 .35 .50 .70 1.0 1.z 1.8 2.6
1 .58 1.22 .76 .51 .22 1.96 1.56 1.26 2.87 2.30 .52
2 .52 115 .83 .64 .34 .25 1.87 1l.41 1.29 2.54 3.96
Slow 3 .39 1Ly .35 .70 .34 .36 1.57 1.69 1.3% 1.00 2.30
L .42 Qb 75 66 .30 .27 00  1.73 1.52 1.20 2.48
5 .ks  1.08 7 .67 .35 a3 Ok 1.75 1.4%3 1.30 2.8
1+ W63 1L .50 .07 1.52 1.35 2.40  3.87 3.40
2 .60 1,20 .60 .25 1.85 1.4 2.81  2.00
Fast 3 .Ah 1,27 .73 ke .07 L.B4  1.25 2.0 2.10
. Y .65 128 .79 .56 .23 1.6 1.4k 2.7k 2.00 3.87

—————
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Figure 3. Log density for ihe first, third, and fifth days #s & function
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Rigure 4, Jog denesity for the {irst, thircd znd filth duys as a
function of durztion of nits for the Slow Target Group, Coamon
logarithms were ussd,

>

WADC TR 5L-210 8

et e Jdtem o ot o

LT



K

b T

py these nizs. Onz long hit accounts for much more time than one short hit.
A tire-deasity sScore was computad & the density of hits within arn interval
muliiplied by the duration represertzd by that interval. 1In the computation
ot the tiwme-dsnsiiy scores it was necessary to meke a correctisn for a scurce
of error vhich is similar to the grouping errox sometimer encouniered iu sta-
tistical tabulation Details of this correcticn proczdure are given ia the
Appendix. The ccrrncted time-3density acores are presented in Table 3 and are
presented graphically in Figs. 5 an
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Time-Density. Timz-Density Represents the Time Accounted for by Eits wWithin

Each l/lOOth Second Interval; Computed as Censity Muitiplied by Duration Cor-
recitec. for Grouping Error.

Group Tay Duretion in Seconds

025 075 A5 o 25 «35 50 .70 1.0 1.h 1.8 2.6

1 .95 1.z4 .87 .81 .55 .465  .283 .183 .105 .036 .00

2 .8 1.05 1.02 1.10 .77 .8s5 .578 .255 .273 .063 .0250

Slow 3 .62 .B3 1.05 1.26 .76 1.085 .74 kB8 .308 .180 .0520
L .66 66 W8h 1,13 .70 .87 .735 .53 (k62 .283 .0780
5 .0 .89  .¢3 1.17 .78 .95 .818 .560 .378 .360 .0780
3 SABEeA 103 L7h 255 .11y 106 .037  .0Q75 .0035 O
2 L1020 1.9 .602 470 L2485 168 .0AL .0100 O 0

Fast 3 .109 1.37 .655 .727 .41i6 .3%5  .161 0500 0175 ©
L .11 1.45  .93% .915 .595 .472  .223  .0550 .0L40 .013C

A2 1.12 .968 .995 .54  .s64  .272  .CT50 .0210 0045

N

DISCUSSION

The following observations may be made Irom inspection of the obtained
data:

1. General shape of the density distributions. The highest density of

waADC IR f—jw. 2ic
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hite for both groups at all stages oF practice is found in the neignborhocd
of 075 sec. The density for longer and shorter duraticns is considerably
lower. A8 duraticn increases veyond 075 sec. the denaity decreases uni-
forrmly in a negatively accelerated curve.

2. Effecis of practicc. Practice has a marked effect on the distribu-
tion curves. Varicus appectis ¢f the effects of practice axre shown by the
different presentaticns of the curves. From the dersity tzbles and curves
we observe that densities tend to incresse with practice at all excepst the
chortest durations. In these very short intervals There appears to be sope
teadency; toward s decrcase in dsusity with practice, but this effect is not
entirely cvonsistent. The increase in density is most resdlily observed in
tre middle of the distribution.

. '

In the interpretation of the log densiiy date we must meep io mind
thia transformation tends to minimize differences tvetween high valszs ang
amplify differences between lovwer values. 1In eivect, differcnces between
curves represent ratios of cne value to another. When we consider ratios in
this way, the differences betwzen curves at the snorter darations appear to
ve insignificant. The curves dlverge so that the greatest differences are
found at the longest durations. Tiic uniform divergence of the curves may
be contrasted witn tne appsrent convergence of the density curves at the
iongest intervals. This compsrison indicates that the absolute difference
between curves hecomes smaller as all curves approech zero density with in-
creasing dwration, but tuat the ratic betweer the curves continuee to in-
crease throughout the range of the availeble data. 1t is also ¢f interest
{0 note that the log curves apprcach linearity over a considerable portion
of the distribution. This observaticn may have some relevance for future
theoretical interpretetions. It suggeets that the probebility of a hit is
a logarithmic tunction of the duration of that hit.

Roth “he density and log cdemsity curves tend to choture irregnlewiries
in the cbtained distribuiions. The wide range of the density scores forces
us to use a crude scale ir plotting the curves, while the log transformation
tends to minimize Aiffererces betweern relatively high values of the variable.
The time-density curves on the other hand bring out certain inteiesting irre-
guiarities., In particular, we obgerve peaks in the time-density at the .25
and .50 sec. intervals with a distinct Adip between these points at .35 sec.
These features appear in the distributions for ail oi the lsst rour deys in
the slow speed group. Tuere is also some indication of a simllar tendency
on the last day in the fast speed group. The congistency with which these
features appear indicates that something more than chance fluctuations are
probably inveived. The pesks would seem to indicate thst e periodicity of
scme kind is present iu the Ss periormance. The Irequercy of tlhis assumed
geriodicity appears to be unaffected by target speed. Lilte jossibly it
18 relsted to the patwal frequencies o the man-machire combination, Adgdi-
tional experimentaticn would be necessary befcre a more detailed interpre-
tating couid be made.

WADC TR Gl 210 12
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In general wo ohserve “hat the torm of the distribution changes in two
different ways as practice ic increased. ¥First, the deusity st ooger in-
tervals tends to increase while the density at shorter lutervals is affected
only slightly. Thus, the rate of decline or the negative 3zlope of the dis-
tribution cuzve decreases with practice. Second, a pericdicity in the dis-
tribution 1s not apparent early in practice and tends t2 become more marked
as practlice is increased.

3. Effects of target speed. 1In many respects & decrease in target speed
has the same effact a2s en increase in practice. In particular, decreasing vhe
target speed tends tu increase ‘he density of hits at the longer intervals,

but has very little efi:zct on the Jemsity for the shorter intervals. It is
interesting to note that if Lthe curves for the two speede were superimposed
they would almost coincide at the short durations. Aiso the tendency for
the pericdicity in the time-density curves to appear seems to be increased
either by decreasing the speed or by increasing amount of practice.

CONCLUSIONS

Examination of the irequency distrivutions Of continuous tims-cn-targst;
and the infivence of practice and torget spesd or thase distributions reieals
certain cheracteristics of performance vwhich would not be evidant from cumula-
tive time 3cores. Rurther exverimentation relating tc the present finding of
e systematic dzviation of the frequency disiribution from & smoocth curve
would undoubtedly be useful in the determinetion of equipment speciflications.
The observed changes in cheracteristics of the distributicn with practice might
icad to improved scoring systems on training devices. Cuch information may
also lead to a better comprehension of the neiture of g-acsi*g performance and
thus muy isplement overall improvements in sighting equipmert. It should be
emmhagized that the preseni lindings periain v~ porformance on a specifie

task under certain limited conditions a&nd that further experimestation under

a8 grezter variety uwf conditions would be necessary to establiish: the generality
of the firdings.
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Interpretation of Aensity scores, nr:;d corye?t;on for grouging srror
for time-density scores. The CTOT recorder tadbuiates each pit

as falling
Vi bin one or several intervals. ‘ide iiequency of hilis wiikily a giver im-

terval may be considered zse the arem under & frequeacy distribution curve
within the interval. This area will, of course, depend in part on the inter-
val size. Hence if the tregquencles are o be used &s an indication of the
height of the disiribution curve th= intervel size must be taken into acecouznt.
Thig was aone oY dividing.each freqmency by the interval siue expressed in
1/100ths of a gecond to yield a nuber vaich was ca.llec_i the density. The
density may be interpreted by consi dering each interval as consisting oF &
number of sub-intervals of .0l sec. each. The deunsity then repregents tue
sverage pumver of hits i_n each of Lhege sub-intervals. The density for a
partiéular ipterval may be taken ax the heigbi of a distripution function
at the mid-point of the intervai. In using densitly inthisg way we ¢o not
agsure that hits withic an interveR ars svenly distributed through the in-
terval, but ratber that the distribution functlion is approximately linear
within the intervel, which is proably e safe assumption gince the inter-
valg ere ralative swall in the pnoriion of tne curve where density is
zphanging mest rapidly.

Now let us coneider the probiem of estimating the time-dersity, o
average amount of Lime acccunt-eg} for by hits within each sub-igtervel fz=ain
using eub-intervals of .0l sec.j. A rousgh estimate may be sotained Gy mul-
tiplyins the density by the mid-point of the interval. However, this estimate
will be accurste only 2f hits are symetrically distzibuted within the interval.
If, on the cther hand, & majority ol hits were actually in the lower end of the
interval, we will obtain an unduly high value by using the sbove estimate.

Tt can be shown that if the distrdbution function

r
4

Vi

-

: is approximately linear
within the interval ané he= a sivme of m the error introduced by this method
iz equal to mi'?/la, where 1 1is the interval size. Thus the srror would +end

to increase rapilly as the interval size wae increased.

In the present,ana.lysis the couparison of time-densjty between the .3 to
L, b to .6, and .6 tc .8 intervais turned out to be of purticular interest,
and thus the pessible error intr-duced by the differe%\o;es in interval size
became critical. Tae uee of the correction factor mi</iz was not couveuisnt
because the slope of the distrivutiocs function could not be evalusted readily.
As an alternstive the longer intervals were divided inty gub-intervals of .1 sec.
and the density within each sub-dnterval wus Est.imated graphically by linear
interpolation on a magnified deisity surve. Time-density wes then coisined
py multiplying the density of ea<ch sub-interval by 1ts mid-point, and finally
tne time-demsity for the interwls weie talin zs the mean cf the time-density
of the component sub-intervals. Inm thic way, all time<dengity velues in the
eritical region vetween .1 and. 8 sec. were based on estimptes for equal in-
tervals of .1 sec. each. Thus the major source of distortion in the compari-
gson of time-aensities for wwedusl intervels was compensated,
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TABIE I A
Fean For Uewt AER Ccores for Two Speeds and Five Days. Kech Talune is b

Mesn for 1C Ss=

Dayr
1 2 3 4 5
Slow Speed 16,5¢ 23.50 29.3% TG, 3201
Fast Spscd 2,78 12,55 12, 30 220 3,77

TABIE II &

Lnalysis of Variance of Cumulative Time -Co~Target, Uimultareous AER Scores
¥ AR

Souvrce af Mesn Icuage i
Speeds (Fast ve. Slow) 1 118,5¢C, 53 13,72
SMT Units (I vs. II} 1 17,726.26 2.79
EEMT x Speed 1 £, 15,58 S
gs / Growps 16 6,.155-19" o he™
Days 4 11,205, ;i goett
Dmys x Speeds 4 102.6% S
Days x PSMT 4 i B % 0
Days x Speed x FSMT 4 3333 - -
Ss x Days / Groups 64 1,275.75"
Toial 99
3

Th variance estimates hac a2 heterogeneity whircl ¢outdl ot te eBEOVed

with any ratioral transformation.

*% In spite cf ths haterogeneiiy of warisacs of the wrir terne, 1\t sesus
ceascrables to regard these F-ratios as sigaificast «irce sach is beyond
the 0.00% level of confidence,
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